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(57) ABSTRACT 

Adrive mechanism for an in?nitely-variable-transmission in 
Which a relatively ?exible member 32 connects one or other 
of the discs 14 to the shaft 10, thereby to accommodate a 
degree of shaft ?exing Without distortion of the toroidal 
cavity. 

20 Claims, 4 Drawing Sheets 
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Fig.1. 
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DRIVE MECHANISM FOR INFINITELY 
VARIABLE TRANSMISSION 

This is a continuation of PCT application PCT/GB98/ 
03734, ?led Dec. 14, 1998, the entire content of Which is 
hereby incorporated by reference in this application. 

SUMMARY OF THE INVENTION 

1. Field of the Invention 
The present invention relates to in?nitely-variable-ratio 

transmission apparatus of the toroidal race rolling friction 
type, hereinafter referred to as a variator. 

2. Discussion of Prior Art 
In such apparatus there is employed a main shaft Which 

takes drive from, for example, an engine eg an internal 
combustion engine to tWo input discs Which are mounted on 
the shaft. TWo output discs are mounted back to back 
betWeen the input discs and are free to rotate relative to the 
shaft. 

In such an arrangement motion is transferred from the 
input discs to the output discs via a plurality of rollers 
positioned in toroidal cavities Which are provided betWeen 
the input discs and the output discs. 

Single cavity variators are also knoWn in Which a single 
input disc is mounted for rotation on an input shaft and a 
single output disc faces the input disc in a manner Which 
de?nes a toroidal cavity in Which are situated a plurality of 
poWer-transmitting rollers. Whilst such an arrangement is 
less likely to suffer from the problems outlined herein, it Will 
be appreciated that the present invention can be applied to 
this single cavity arrangement. 

The rollers are subjected to hydraulic forces by an end 
load device so that they make contact With the faces of the 
respective input and output discs in order to transmit poWer 
from the input discs to the output discs. The poWer is 
transferred from the output discs via, for example, a chain 
drive to a further transmission component such as an epi 
cyclic gear box. 

The drive through the chain exerts a transverse load onto 
the shaft and at high poWer transmission levels can cause the 
shaft to ?ex. The degree of ?exing is relatively small but has 
the potential of causing a signi?cant effect on the position of 
the tWo output discs Which can cause the load on some of the 
rollers to be increased ie a crushing effect Will be applied, 
Whilst the load on some of the remaining rollers Will be 
decreased, thereby not alloWing the drive to be transferred 
ef?ciently from the input to the output discs. 

It Will be appreciated that the effect of shaft ?exing is in 
effect a distortion of the toroidal cavities betWeen the input 
and output discs. 
A solution to the above problem can be summarised as 

accepting a relatively small degree of ?exing of the shaft and 
then providing some compliance in the mounting of the 
discs such that When the shaft is subjected to ?exing the 
discs are able to rotate in planes Which are parallel to one 
another, and thereby maintain the shape of the cavities. 
GB-A436363 discloses a variable speed poWer transmis 

sion mechanism having torus discs and rollers in Which one 
of the discs is mounted on a support shaft by means of one 
or more teeth or dogs on a front face Which engage With a 
collar keyed to the central shaft. Such an arrangement does 
provide some degree of relative movement betWeen the disc 
and shaft but improvement on this design is possible. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide a transmission 
apparatus in Which one or more of the discs is mounted on 
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2 
the shaft in such a manner that it rotates With the shaft but 
is capable of adopting a plane of rotation Which is other than 
normal. 

Accordingly the present invention provides a variator 
transmission apparatus comprising an input shaft, one or 
more input discs mounted on the shaft for rotation thereWith, 
an output disc assembly, the input disc or discs and the 
output disc assembly de?ning betWeen them one or more 
toroidal cavities, a plurality of rollers located in the cavity or 
cavities and means for applying an end load pressure to 
maintain the rollers in contact With the respective disc or 
discs in order to transmit drive, characterised in that one of 
the discs is mounted on the shaft by means of an interme 
diate relatively ?exible member. 
The relatively ?exible member can be attached to a sleeve 

at an inner radial location and the sleeve is attached to the 
shaft so as to be rotatable thereWith. 

For example the sleeve can be splined so that it is 
rotatable With the shaft and axially moveable relative to the 
shaft. 
The relatively ?exible member can be attached to the 

sleeve by means of a clamping ring. 
The ?exible member can be attached at an outer radial 

location to a clutch ring. 
The clutch ring can be provided With projections Which 

are engageable With corresponding recesses on the said disc; 
alternatively the disc may be provided With projections 
Which are engageable With corresponding recesses on the 
clutch ring. 
The relatively ?exible member can be secured at the said 

outer radial location by means of an outer clamping ring. 
A reaction plate can be mounted on the shaft, the reaction 

plate having tWo or more sets of pins, one of Which said sets 
of pins being extendable through clearance openings in the 
?exible member in order to contact a face of the said one of 
the discs, the pins of one of the other said sets of pins 
engaging the relatively ?exible member at an inner radial 
location. 
The apparatus can include a clamping nut assembly Which 

is threadedly mounted on the shaft in order to force the 
reaction plate into contact With the said one of the discs by 
means of the respective one of the said sets of pins. 
The other one of said discs can be mounted for rotation 

With the shaft, and be provided With abutment means to 
prevent axial movement 

The output disc assembly can be mounted on bearing 
means Which have part spherical co-operating surfaces 
thereby alloWing the disc assembly to rotate relative to the 
shaft and to adopt a plane of rotation other than normal 
relative to the shaft. 

In a development of the above, the ?exible member may 
also be secured to the reaction plate of the end load mecha 
nism. 

In the above development the ?exible member may be 
secured to the reaction plate and the sleeve by means of a 
bolt arrangement or a rivet arrangement. 

In either arrangement, the ?exible member may be 
secured to the disc by means of a bolt or rivet arrangement. 

In a still further development, the ?exible member in 
either arrangement may be preshaped or pre-loaded such 
that upon application of the end load it is substantially 
perpendicular to the axis of said shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will noW be more particularly 
described With reference to the accompanying draWings in 
Which, 
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FIG. 1 shows a diagrammatic representation of a 
in?nitely-variable-ratio transmission apparatus of the type to 
Which the present invention can be applied; 

FIG. 2 shoWs an exploded vieW of one form of disc 
assembly according to the present invention; 

FIG. 3 is a section on line A—A of FIG. 2; 
FIG. 4 is a section on line B—B of FIG. 2; and 
FIGS. 5 and 6 are sectional vieWs of an alternative form 

of the present invention. 

DETAILED DISCUSSION OF PREFERRED 
EMBODIMENTS 

Referring to the draWings there is shoWn a in?nitely 
variable-ratio transmission apparatus a variator Which com 
prises an input shaft 10, tWo input discs 12, 14, tWo output 
discs 16, 18, tWo sets of rollers 20, 22 Which are located in 
toroidal cavities 24, 26 Which are formed betWeen the input 
and output discs, and a chain drive 28 Which is mounted on 
the tWo output discs 16, 18. 

The tWo inputs discs 12, 14 are mounted for rotation With 
the shaft 10 eg by means of splined mountings, Whilst the 
output discs 16, 18 are free to rotate relative to the shaft 10. 

The input disc 14 has limited axial movement and the disc 
12 is prevented by an abutment not shoWn on the shaft 10 
from moving axially on the shaft. 

The disc 14 is subjected to a load operating toWards the 
left as shoWn in FIG. 1 eg by means of hydraulic pressure 
so that the sets of rollers 20, 22 are maintained in contact 
With the toroidal surfaces of the input and output discs, 
thereby alloWing drive to be transmitted from a poWer 
source e. g. an internal combustion engine via the chain drive 
28 to a further component of a vehicle transmission eg an 
epicyclic gearbox not shoWn. 

It Will be appreciated that the chain drive 28 may exert a 
bending load on the shaft 10 and therefore there may be a 
distortion in the shape of the toroidal cavities 24, 26. It Will 
thus be appreciated that the load on some of the rollers 20, 
22 Will be increased Whilst the load on the remaining rollers 
can be decreased. 

The increase in load on some of the rollers may be 
unacceptable in that unduly high stresses are caused Within 
the rollers, Whilst the decrease in load on the remaining 
rollers is likely to reduce the e?iciency of the drive betWeen 
the input and output discs because slipping may occur 
betWeen the input and output discs. 

In order to prevent or substantially reduce the effect of the 
distortion of the shapes of the toroidal cavities 24, 26 Which 
can be produced by a bending load being applied to the shaft 
10, the present invention proposes a design Which alloWs the 
input and output discs to adopt planes of rotation Which are 
and remain substantially parallel to one another When ?ex 
ing occurs. 

Referring to FIGS. 2, 3 and 4, there is shoWn an assembly 
30 Which alloWs the disc 14 to be mounted for rotation With 
the shaft 10 in order to transmit drive but also to alloW the 
plane of rotation of the disc to be other than normal, i.e. 
perpendicular, to the shaft 10. 

The assembly 30 comprises a relatively ?exible member 
eg a diaphragm 32 Which is attached at an inner radial 
location to a splined sleeve 34 by means of a clamping ring 
36 and screWs 38, the splined sleeve 34 extending through 
a clearance bore in the centre of the disc 14. The relatively 
?exible member is, in this particular arrangement, made as 
a pressing from a sheet of spring steel (for example, spring 
steel to BS 1449: CS80). Other suitable alternatives Will, 
hoWever, present themselves to persons skilled in the art. 
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4 
The sleeve 34 is axially moveable on splines formed on 

the shaft 10 and axial movement of the sleeve 34 is limited 
by means of a shoulder 40 formed on the shaft 10. A gap G, 
as shoWn in FIGS. 3 to 6, is provided betWeen the disc and 
the shaft, thereby to accommodate the desired relative 
movement. 

At an outer radial location the diaphragm 32 is attached to 
a clutch ring 42 by means of a clamping ring 44 and screWs 
46. 

The clutch ring 42 is formed on its circumference With 
rectangular teeth 48 Which are engageable betWeen corre 
sponding teeth 50 Which are provided on the circumference 
of the disc 14 eg in the manner of a dog clutch. The 
engagement of the teeth 48 and the teeth 50 enables drive to 
be transmitted from the diaphragm 32 to the disc 14, and also 
locates the disc 14 With respect to the shaft 10. It Will, of 
course, be appreciated that the disc may be provided With 
projections Which are engageable With corresponding 
recesses on the clutch ring. 

Acircular reaction plate 52 is mounted on the shaft 10 and 
carries tWo sets of pins 54, 56 the pins being mounted in 
countersunk holes 58, 60 respectively in the plate 52. Each 
set comprises tWo pins, but more pins can be used if 
required. 
The assembly 30 is pre-loaded by means of a nut sub 

assembly 62 Which comprises a nut 64 and a locking plate 
66 Which is bolted to the nut 64. 

A Belleville Washer 68 is located betWeen the nut 64 and 
the plate 52. 

Rotation of the nut 64 applies pressure via the Belleville 
Washer 68 to the plate 52 and the pins 56 engage With 
openings in the clamping ring 36, so that the plate 52 rotates 
With the diaphragm 32. 

At the same time the pins 54 Which pass through clearance 
openings in the diaphragm 32 contact the rear face of the 
disc 14. 

Once the assembly has been so pre-loaded the clamping 
ring 66 is secured in position to prevent rotation of the nut 
64. 

It Will be appreciated that the disc 14 is pre-loaded so that 
the rollers 22 in the cavity 26 contact both the input disc 14 
and the output disc 18. 

It Will also be appreciated that since the teeth 48 of the 
clutch ring 42 are in engagement With the teeth 50 on the 
outer circumferential surface of the disc 14, drive can be 
transmitted from the shaft 10 to the disc 14. 

The assembly 30 also includes a housing 68 and an end 
cap 70, Which is held in position by means, not shoWn. 
The shaft 10 includes an inlet 72 to alloW hydraulic 

pressure to be applied to the space de?ned by the rear face 
of the disc 14 and the front face of the plate 52. The 
diaphragm 32 is provided With openings so that hydraulic 
?uid can ?ll this space. The applied hydraulic load forces the 
sleeve 34 into contact With the abutment 40 so that a 
clearance exists betWeen the disc 14 and the diaphragm 32. 
The assembly is provided With seals S in order to contain 

the hydraulic ?uid Within the desired volume. 
It Will thus be understood that When the shaft 10 is 

subjected to ?exing the relatively ?exible diaphragm 32 can 
?ex as the disc 14 rotates, thereby alloWing drive to be 
transmitted continuously from the shaft 10 to the disc 14 but 
also to maintain the shape of the toroidal cavity 26. 

In addition to the disc 14 being so mounted, the disc 12 
can be mounted in a conventional manner eg by a splined 
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arrangement and a stop to prevent the disc 12 from moving 
too far to the left as shown in FIG. 1 so that When the shaft 
10 is subjected to ?exing the plane of the disc 12 Will remain 
normal to the axis of rotation of the shaft 10. Clearly, one 
could mount disc 12 in the same manner as that described in 
relation to disc 14. 

Compliance can be provided for the output discs 16, 18 by 
mounting the discs on a bearing in Which the co-operating 
surfaces are part spherical, thereby alloWing the output discs 
16, 18 to adopt a plane of rotation Which is other than normal 
to the axis of rotation of the shaft 10. 

It Will be appreciated that the above arrangement may be 
reversed such that the input discs 12, 14 become output discs 
and the output discs become input discs. Further to this, it 
Will also be appreciated that the present invention may be 
employed on a single cavity variator in Which the bearing 
supports are such that shaft ?exing is a possibility. It Will be 
still further appreciated that When a dual cavity variator is 
employed, one might provide a ?ex drive to both output and 
input discs if so desired. 
An alternative to the above is shoWn in FIGS. 5 and 6 

Which are each cross-sectional vieWs taken at slightly dif 
ferent angles so as to illustrate fully the components of the 
?ex drive. In this arrangement, like components have been 
given the same reference numbers as in FIGS. 3 and 4 and 
are not necessarily mentioned further herein. 

In the alternative arrangement, disc 14 is still mounted by 
means of a relatively ?exible member 32 but this member is 
secured in a someWhat different manner. For example, the 
outer ends of the member are secured to the disc by means 
of blind rivets 100 Which act to secure the member 32 
betWeen a pair of clamp rings 102, 104 and to the disc 14. 
A plurality of such rivets are circumferentially spaced 
around the outer circumference of the member 32 and 
collectively provide suf?cient strength to ensure the trans 
mission of torque across the connection. The inner end of 
member 32 is once again secured to splined sleeve 34 but 
this is also secured to the reaction plate 52. In the speci?c 
example a plurality of bolts 106 extend through the sleeve 
34, the ?exible member 32 and into the reaction plate 52 in 
Which are provided threaded portions 103 for receiving a 
matching thread 110 on the bolts 106. Areverse arrangement 
may be used in Which the bolts pass through the reaction 
plate and are screW threadably engaged in the sleeve 34. In 
a preferred arrangement, the ?exible member pre-shaped or 
pre-loaded such that upon application of the end load it 
adopts a position Which is substantially perpendicular to the 
shaft and only deviates from this if the shaft is subjected to 
?exing. In effect, the arrangement is such that, at rest, the 
central portion of the ?exible member of FIG. 5 and the 
sleeve 34 are displaced toWards the cavity by an amount 
equal to that by Which the disc 14 Will be moved once the 
hydraulic end load is applied. The arrangement of FIG. 5 is 
shoWn in the position associated With full hydraulic end load 
and the reaction plate 52 is shoWn displaced aWay from the 
disc 14 such that it abuts up against the locking nut 64. 
Before the hydraulic end load is applied the spring 68 acts 
to load the disc and in doing so creates a small gap not 
shoWn betWeen the reaction plate and the locking nut 64. It 
is this gap Which accommodates the movement required 
When the hydraulic end load is applied. 
What is claimed is: 
1. Avariator transmission apparatus comprising an input 

shaft (10), one or more input discs (12, 14) mounted on the 
shaft (10) for rotation thereWith, an output disc assembly 
(16, 18), the input disc or discs (12, 14) and the output disc 
assembly (16, 18) de?ning betWeen them one or more 
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toroidal cavities (24, 26), a plurality of rollers (20, 22) 
located in the cavity or cavities (24, 26) and means for 
applying an end load pressure to maintain the rollers in 
contact With the respective disc or discs (12, 14, 16, 18) in 
order to transmit drive, at least one of the discs (12, 14, 16, 
18) is mounted on the shaft by an intermediate relatively 
?exible member (32) permitting limited axial and pivotal 
movement Without radial movement. 

2. An apparatus as claimed in claim 1 in Which one of said 
discs (12) is mounted for rotation With the shaft (10), and 
includes abutment means to prevent axial movement. 

3. An apparatus as claimed in claim 1 in Which the ?exible 
member (32) is secured to the disc (14) by means of a bolt 
(46) or rivet arrangement. 

4. An apparatus as claimed in claim 1 in Which the ?exible 
member is pre-shaped or pre-loaded such that upon appli 
cation of the end load it is substantially perpendicular to the 
axis of said shaft. 

5. An apparatus as claimed in claim 1 in Which the variator 
comprises tWo input discs and tWo output discs, said output 
discs being positioned back-to-back and being sandWiched 
betWeen the tWo input discs. 

6. An apparatus as claimed in claim 1 in Which the variator 
comprises tWo input discs and tWo output discs, said input 
discs being positioned back-to-back and being sandWiched 
betWeen the tWo output discs. 

7. An apparatus as claimed in claim 1 in Which the 
relatively ?exible member is attached to a sleeve at an inner 
radial location and the sleeve is attached to the shaft so as to 
be rotatable thereWith. 

8. An apparatus as claimed in claim 1 in Which the ?exible 
member is attached at an outer radial location to a clutch 
ring. 

9. An apparatus as claimed in claim 1 in Which the 
relatively ?exible member is secured at an outer radial 
location by means of an outer clamping ring. 

10. An apparatus as claimed in claim 1 and further 
including a reaction plate mounted on the shaft, the reaction 
plate having tWo or more sets of pins, one of said sets of pins 
extending through clearance openings in the ?exible mem 
ber in order to contact a face of one of the discs, the pins of 
another of said sets of pins engaging the relatively ?exible 
member at an inner radial location. 

11. Avariator transmission apparatus comprising an input 
shaft, one or more input discs mounted on the shaft for 
rotation thereWith, an output disc assembly, the input disc or 
discs and the output disc assembly de?ning betWeen them 
one or more toroidal cavities, a plurality of rollers located in 
the cavity or cavities and means for applying an end load 
pressure to maintain the rollers in contact With the respective 
disc or discs in order to transmit drive, characterised in that 
one of the discs is mounted on the shaft by means of an 
intermediate relatively ?exible member in Which the rela 
tively ?exible member (32) is attached to a sleeve (34) at an 
inner radial location and the sleeve (34) is attached to the 
shaft (10) so as to be rotatable thereWith. 

12. An apparatus as claimed in claim 11 in Which the 
sleeve (34) is splined so that it is rotatable With the shaft (10) 
and axially moveable relative to the shaft (10). 

13. An apparatus as claimed in claim 11 in Which the 
relatively ?exible member (32) is attached to the sleeve (34) 
by a clamping ring (36). 

14. Avariator transmission apparatus comprising an input 
shaft, one or more input discs mounted on the shaft for 
rotation thereWith, an output disc assembly, the input disc or 
discs and the output disc assembly de?ning betWeen them 
one or more toroidal cavities, a plurality of rollers located in 
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the cavity or cavities and means for applying an end load 
pressure to maintain the rollers in contact With the respective 
disc or discs in order to transmit drive, characterised in that 
one of the discs is mounted on the shaft by means of an 
intermediate relatively ?exible member, in Which the ?ex 
ible member (32) is attached at an outer radial location to a 
clutch ring (42). 

15. An apparatus as claimed in claim 14 in Which the 
clutch ring (42) includes projections (48) and the disc 
includes corresponding recesses such that the projections are 
engageable in corresponding recesses on the said disc. 

16. Avariator transmission apparatus comprising an input 
shaft, one or more input discs mounted on the shaft for 
rotation thereWith, an output disc assembly, the input disc or 
discs and the output disc assembly de?ning betWeen them 
one or more toroidal cavities, a plurality of rollers located in 
the cavity or cavities and means for applying an end load 
pressure to maintain the rollers in contact With the respective 
disc or discs in order to transmit drive, characterised in that 
one of the discs is mounted on the shaft by means of an 
intermediate relatively ?exible member in Which the rela 
tively ?exible member (32) is secured at an outer radial 
location by means of an outer clamping ring (44). 

17. Avariator transmission apparatus comprising an input 
shaft, one or more input discs mounted on the shaft for 
rotation thereWith, an output disc assembly, the input disc or 
discs and the output disc assembly de?ning betWeen them 
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one or more toroidal cavities, a plurality of rollers located in 
the cavity or cavities and means for applying an end load 
pressure to maintain the rollers in contact With the respective 
disc or discs in order to transmit drive, characterised in that 
one of the discs is mounted on the shaft by means of an 
intermediate relatively ?exible member and further includ 
ing a reaction plate (52) mounted on the shaft (10), the 
reaction plate (52) having tWo or more sets of pins (54, 56), 
one of said sets of pins (54) extending through clearance 
openings in the ?exible member in order to contact a face of 
one of the discs (14), the pins of another of said sets of pins 
(56) engaging the relatively ?exible member (32) at an inner 
radial location. 

18. An apparatus as claimed in claim 17 and further 
including a clamping nut assembly (64) Which is threadedly 
mounted on the shaft (10) in order to force the reaction plate 
(52) into contact With the said one of the discs (14) by means 
of the respective one of the said sets of pins (54, 56). 

19. An apparatus as claimed in claim 17 in Which the 
?exible member (32) is secured to the reaction plate (52). 

20. An apparatus as claimed in claim 19 in Which the 
?exible member (32) is secured to the reaction plate (52) and 
a sleeve by means of a bolt arrangement (106) or rivet 
arrangement. 


